Supporting Information

General Information
Fluorescence measurements were made using a Perkin Elmer LS50B Luminescence Spectrometer employing a temperature controlled cell holder. Determination of the exchangeable dimer content in NNR reactions was made by HPLC analysis using a 5 µm, 80 Å, 4.6 x 250 mm Ultrasphere ODS C18 column (Hichrom, Reading, England) and a Waters Breeze HPLC system consisting of a Waters 717 plus Autosampler and a Waters 2487 Dual λ Absorbance Detector. The effect of NNR reactions and vesicle composition on vesicle size was investigated using a Nicomp Model 270 Submicron Particle Sizer. All 1 H NMR spectra were recorded on a Bruker Avance 500 MHz instrument. Chemical shifts are reported in parts per million relative to residual solvent.
1,2-Dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) was obtained from Avanti Polar Lipids (Alabaster, AL, USA) and used as obtained. Cholesterol was obtained from Sigma-Aldrich (St. Louis, MO, USA). House-deionized water was purified using a Millipore Milli-Q filtering system containing one carbon and two ion-exchange stages. Other chemicals and solvents used in this study were obtained commercially from various vendors and used without further purification.
Experimental Procedures
Synthesis
The exchangeable dimers {1-1}, {2-2} 1 and {1-2} 2 were prepared as described elsewhere.
Dchol was prepared as shown in Scheme 1 of the main text and as described elsewhere. 
Monolayer experiments
Surface pressure-area isotherms were recorded for varying mixtures of 1,2-dimyristoyl-snglycero-3-phosphocholine (DMPC)/cholesterol and DMPC/Dchol at the air/Tris buffer interface by a Nima 612D film balance. In brief, approximately 550 mL of Tris buffer (pH 7.4 at 25ºC) was added to the film balance as the subphase. The surface of the subphase was then aspirated to ensure the absence of surface-active contaminants. A precise amount (typically 35 uL of a 1.0 mg/mL solution) of the surfactants mixture in a mixed organic solvent (i.e., CHCl 3 /MeOH 10:1 mixture) was then spread onto the surface of the subphase when the barriers of the film balance produced a maximum area. The residual organic solvent at the air/Tris buffer interface was then allowed to evaporate for 25 min to form the organic solventfree surfactant monolayer. The surface pressure-area isotherm was obtained by compressing the barriers at a constant speed, typically 25 cm 2 /min, until the monolayer collapsed, as indicated by a sudden loss of surface pressure. All the data were recorded by computer, and these data then used for making surface pressure versus molecular area plots. The molecular areas at different surface pressures were obtained from such plots.
Fluorescence experiments
Liposomes made of 37.5/2.5/57.5/2.5 and 20/20/57.5/2.5 Dchol/cholesterol/DPPC/DPPG (mol/mol/mol/mol, 12 µmol total lipid) plus Laurdan (0.5 mol% with respect to total lipid) were prepared from thin lipid films using methods similar to those used in NNR experiments (see below). Liposomal dispersions were placed in sealed fluorescence cuvettes and the fluorescence of each sample then measured as a function of temperature using a Perkin Elmer LS50B Luminescence Spectrometer employing a temperature controlled cell holder. An excitation wavelength of 350 nm was used, along with an excitation slit width of 5.0 nm. Fluorescence emissions were recorded from 350 to 600 nm using an emission slit width of 5.0 nm. To correct for light scattering, a vertical polarizer was placed on the excitation beam and a horizontal polarizer was placed on the emission beam. Generalized Polarization (GP) values were calculated using the equation: GP=(I 440 -I 490 )/(I 440 + I 490 ), where I 440 and I 490 are fluorescence emission intensities at 440 and 490 nm respectively.
Nearest-Neighbor Recognition Analysis.
Thin films of lipid were prepared by evaporating a chloroform solution containing 0.30 µmol {1-2} and varying amounts of DPPC and cholesterol (for exact composition see Table SI-1) under a stream of argon. After drying the thin film overnight under reduced pressure (0.4 mm Hg), 2.0 mL of a 10 mM Tris-HCl buffer (10 mM Tris, 150 mM NaCl, 2 mM NaN 3 , 1 mM EDTA, pH = 7.4) was added to each of the dried films. The mixtures were then vortexed every 5 min for 30 s over a time span of 30 min with intermittent incubation at 60 °C. Following this, the dispersions were subjected to six freeze/thaw cycles (liquid nitrogen/60 °C water bath) and extruded 20 times through a 200 nm pore diameter polycarbonate filter (Nuclepore, Whatman Inc.) using argon at a pressure of ~100 psi. Afterwards, a 60 µL aliquot of 1.68 µM monesin in TRIS-HCl buffer was added to aid in pH equilibration across the membrane during NNR reactions. The vesicle dispersions (1600 µL) were heated to 45 °C, oxygen was removed by purging with argon for 10 min., thiolate-disulfide interchange reactions were initiated by adding threo -dithiothreitol (15 µL of a 19.8 mM solution in pH 7.4 Tris buffer, 1 eq. with respect to disulfide content) and sufficient amounts of 0.1 M NaOH (10 µL) to bring the pH to 7.4 at 45 °C. Aliquots (250 µL) were withdrawn as a function of time and the exchange reactions quenched by adding 25 µL of 8.3 M acetic acid with vortexing to the test tubes containing these aliquots. Aliquots were quickly frozen, using liquid nitrogen and stored at -20 ° C until HPLC analysis was carried out. For HPLC analysis to each thawed aliquot was added 1000 µL of CHCl 3 /MeOH (2/1, v/v) and aldrithiol-2 (2,2´-dipyridyldisulfide, 37 µL of a 10 mM solution in CHCl 3 ). The tubes were vortexed, centrifuged, and the aqueous phases removed using a Pasteur pipette. The organic phase was then concentrated under reduced pressure using a Savant SVC-100 SpeedVac concentrator equipped with a cold trap and vacuum pump (~1 hr at ~ 0.4 torr). The residual lipids were dissolved in 20 µL of CHCl 3 and 80 µL of the HPLC mobile phase. These samples were subsequently analyzed by HPLC using a C18 reversed phase column. The analysis was done in an isocratic mode using a mobile phase consisting of SI-3 760 mL of EtOH, 120 mL of deionized H 2 O, 100 mL of hexane, and 10 mL 1 M aq. N(nBu) 4 OAc. The flow-rate was 0.9 ml/min, the column temperature was 31 °C, and detection was done at 203 nm. Values of
) were calculated from peak areas obtained from the HPLC chromatograms using appropriate calibration curves. 
Calibration of Chromatographic System
The chromatographic system was calibrated and the system was found to respond as follows: 
Data for Monolayer experiments
GP Values
DLS Data
Typically, 50 µL aliquots were taken from each vessel before and after the exchange reaction. These aliquots were diluted with 450 µL of Tris buffer (10 mM Tris HCl, 150 mM NaCl, 2 mM NaN 3 and 1 mM EDTA, pH 7.4) and analyzed at 23 °C assuming a sample viscosity of 0.9325 centipoise. The photopulse rate was adjusted to ~300 kHz. Vesicle size was evaluated through Gaussian analysis. At least 100000 scans were performed. 
